Although drinking water is readily available in Benin, its quality presents a public health concern. The district of Ahomadégbé in the commune of Lalo is characterized by several artesian wells. Unfortunately, anthropogenic factors negatively affect the drinking water quality in this area. The aim of this research was to study the microbiological quality of drinking water in the Ahomadégbé district, and to review household water treatment methods employed by the local population. Thirty-five water samples were taken-at water collection points, at selected points along the water transportation system and from water storage facilities, and microbiological parameters were measured. Qualitative data were collected via in-depth interviews with key informants regarding local household water treatment methods. Results reveal that there is a significant degree of microbiological pollution of drinking water in this district, particularly during the water transportation and storage stages where microbiological pollution exceeds levels approved by the World Health Organization. Local residents are familiar with several household water treatment methods. However, these methods are inconsistently applied, which limits their effectiveness. In addition to improving the quality of the drinking water resource itself, it is important to set up interventions relating to water treatment methods in local households.
Introduction
Potable and easily accessible water is essential for good health. Unfortunately, approximately 663 million people worldwide live without access to potable water [1] . Roughly half of these people dwell in Sub-Saharan Africa [1] . Deficient water supply affects population health directly and indirectly-either causing diarrhoeal diseases or resulting in diseases linked to poor personal hygiene [2] . Currently, the majority of diarrhoea-related deaths worldwide are explained by a lack of access to safe drinking water, or a deficiency in personal hygiene [1] . Furthermore, in developing countries, 17% of all deaths of children below 5 years of age are due to diarrhoea (usually following ingestion of poor quality drinking water) [3] [4] . In Benin, despite efforts to improve the availability and accessibility of potable drinking water (at the time of writing this article, drinking water availability is estimated to be 85.4% in urban areas and 69.3% in rural areas [5] , problems regarding a lack of access to potable water still arise, particularly in rural and peri-urban settings. Each year, approximately 7000 Beninese people succumb to diarrhoea; and 4300 of these are children under the age of 5 years [6] . These deaths are highly correlated with microbiological pollution of drinking water, and a lack of sanitation and hygiene. They tend to occur primarily in the rural and peri-urban contexts where populations either do not have access to potable water, or have to travel long distances to reach suitable water sources. Apart from the availability of fresh water, the anthropogenic factors associated with the transportation and storage of drinking water also significantly affect its quality. This is certainly the case in the Ahomadégbé district. The aim of this research is to investigate the microbiological quality of drinking water at three important "stages" of the water provision system, i.e., at water collection points, at selected points along the water transportation system and at water storage facilities in the Lalo commune and to review the various household water treatment practices known and used by local residents in the study area.
Methods

Study Area
The study was carried out in the Lalo commune, in the Ahomadégbé district (Figure 1) . The Lalo commune is one of the administrative subdivisions of the department of Couffo in Benin. The Ahomadégbé district comprises four villages: Aloya, Ahomadegbe centre, Hangnonhoué and Adjaïgbonou. Its population is estimated at 5257 residents.
Research Design
This study comprises two parts, i.e. a laboratory analysis of drinking water samples to determine the degree of microbiological pollution present at water source points, in the water transportation system, water storage facilities, and a qualitative study based on anecdotal, interview-derived data intended to document the household water treatment methods employed by residents in the study area.
Microbiological Analysis of Drinking Water
Sampling
Water samples were collected in sterile 500-mL bottles as follows:
• 17 sterile 500-mL bottles at points where water is collected by residents, i.e. at the human-powered borehole, from artesian wells, from drilling, from rain tanks and from favoured collection points along the river bank; • 08 sterile 500-mL bottles from containers used to transport water from the collection points listed above to the village, on average 1 to 2 kilometres; • 10 sterile 500-mL bottles from water storage receptacles in personal residences in the village.
The bottles of taking water samples were filled to the three quarter.
Further details regarding the number of samples and the sample sites are summarized in Table 1 .
Transport to Laboratory
The sterile 500-ml sample bottles were carefully numbered and labelled. Samples were transported to the Laboratory of Hygiene, Sanitation, Toxicology and Environmental Health, Interfaculty Center of Training and Research in Environment for the Sustainable Development, University of Abomey-Calavi in a cooler at 4˚C. The displacement of the water samples of Ahomadégbé at the laboratory was made in the car and distance covered is approximately 150 kilometers. Once in the laboratory, samples were preserved in a refrigerator.
Laboratory Analysis
Bacteriological analysis was performed in two steps: 1) Membrane filtration: 100 ml of each sample was filtered with certified 0.45 μm membrane for microbiological analysis which is hydrophilic mixed cellulose esters, and the membrane incubated on a specific medium. 2) Different media and incubation conditions (time and temperature) were used depending on the type of faecal bacteria sought. The result is expressed as colony forming units (CFU) per unit volume. The specific media used for the enumeration of coliforms in this study were the middle Rapid'E Coli medium (for coliforms) and the Slanetz/Bartley medium (for faecal streptococci). Total coliform colonies were enumerated after the petri plates had been incubated at 37˚C for 24 h. The enumeration of faecal coliforms and E. coli was done after incubation at 44˚C for 24 h. The enumeration of faecal streptococci was done after incubation at 37˚C for 48 h. [7] .
Qualitative Study
For the qualitative component of this study, 10 key informants were selected for in-depth interviews. Women from the various villages were assembled in groups. The presidents of the 10 most active groups of the locality were selected as respondents. An experienced social scientist moderated all of the in-depth interviews. In addition to handwritten notes taken by the interviewer, all interviews were tape-recorded and later transcribed and translated from the local language into French. The main issue addressed during the in-depth interviews was that of water treatment methods employed in individual homes in the area. Privacy and confidentiality of the respondents, as well as good relations between these individuals and the interviewer were maintained at all times during the research process. The questions were designed not to affect the morale or personality of study subjects and were administered after respondents had been given an explanation of the research, what they were required to do. They were informed that their involvement in the process was voluntary.
Operational Definitions
Based on the water sanitation and hygiene (WASH) report [1] , unimproved (poor) water is defined as water that is either from a dam or pool, or is stagnant in a river, stream or rainwater tank. Improved (good) water, however, includes water piped into residences, water from boreholes or water towers, and water from artesian wells.
Ethical Considerations
Ethical clearance for this research was obtained from the National Ethical Review Board of the Ministry of Health in Benin (Authorization N˚ 147/MS/DC/SGM/DFRS/CNPERS/SA). The questions for the in-depth interviews were proven not to affect the morale or personality of study subjects. Oral informed consent was obtained from each participant after they had been given an explanation of the research and what they were required to do and had been informed that their involvement in the process was voluntary.
Results
Microbiological Analyses
The microbiological parameters assessed for each water sample, along with results, are presented in Tables 2-4 . As one might expect, there is significant faecal contamination present in surface and rainwater tanks. The microbiological quality of samples from improved water sources is acceptable.
The samples collected from transport vessels show that contamination of the water resource begins during this phase of water handling. Table 4 shows that water storage facilities are a significant source of faecal contamination.
Water Treatment Methods Employed by Local Residents
Several water treatment methods are employed in individual households. The three main "approaches" to home E. coli 0/100 ml 0/100 ml 0/100 ml 127/100 ml 220/100 ml 0/100 ml Fecal coliforms 0/100 ml 0/100 ml 27/100 ml 320/100 ml 520/100 ml 0/100 ml Total coliforms 0/100 ml 3/100 ml 737/100 ml 1600/100 ml 5325/100 ml 0/100 ml Fecal streptococci 0/100 ml 0/100 ml 0/100 ml 127/100 ml 175/100 ml 0/100 ml Table 3 . Microbiological analysis results for water samples collected from transport vessels.
Parameters
Artesian wells Boreholes Drilling Surface water Standards WHO E. coli 2/100 ml 95/100 ml 80/100 ml 860/100 ml 0/100 ml Fecal coliforms 7/100 ml 110/100 ml 320/100 ml 1530/100 ml 0/100 ml Total coliforms 2327/100 ml 1700/100 ml 9825/100 ml 11700/100 ml 0/100 ml Fecal streptococci 1/100 ml 151/100 ml 401/100 ml 600/100 ml 0/100 ml 
E. coli
2000/100 ml 2280/100 ml 2800/100 ml 220/100 ml 7320/100 ml 0/100 ml Fecal coliforms 2190/100 ml 3300/100 ml 4120/100 ml 470/100 ml 11780/100 ml 0/100 ml Total coliforms 14904/100 ml 4375/100 ml 10650/100 ml 1950/100 ml 44600/100 ml 0/100 ml Fecal streptococci 33900/100 ml 32025/100 ml 625/100 ml 275/100 ml 875/100 ml 0/100 ml water treatment are:
• Sedimentation, which allows solid particulate matter to settle out of water before use;
• Filtration, which is a further step in removing larger micro-organisms and solid particles from drinking water by passing the water through a porous medium; • Disinfection, which aims to kill micro-organisms present in drinking water.
These three approaches are complementary according to interviewees: sedimentation removes larger particulate matter from heavily polluted water, filtration removes finer particles that do not settle out during sedimentation, and disinfection eliminates micro-organisms that remain following both the sedimentation and filtration processes.
The specific water treatment technologies employed by different households vary significantly. The most common sedimentation techniques employed are the addition of aluminium sulphate (Al 2 SO 4 , also called alum), and the addition of the leaves of the Moringa plant (Moringa oleifera), a commonly occurring tree in rural areas, the use of which is reported by several authors (e.g., [8] ). Residents also use oil, and lemon (Citrus limon) and palm tree (Elaeis guineensis) leaves. These substances are mixed with the water to be treated for several minutes prior to the use.
With regard to filtration, the effectiveness of filters is directly related to the size of their pores, the amount of water filtered through them, and the properties of the water being treated. The commonly used ceramic filters (called songhai in Benin) constitute an effective method despite the problem of their slow filtration rate, limiting their use. Fine cloth is also commonly employed as a filter, especially when water turbidity is high, as is often the case during the treatment of surface water.
Disinfection is most commonly achieved chemically by the addition of dichloroisocyanurate of sodium (DCCNa) tablets (e.g., Aquatabs ® ) to water after sedimentation and filtration. However, the availability of these tablets is often limited. Solar disinfection (commonly called SODIS) methods are still relatively unknown amongst local communities, but have great potential in this context as they are cost effective and simple to implement.
Discussion
Microbiological analyses of the collected samples revealed significant variation with regard to microbiological parameters for samples collected at different points in the water supply network. Generally, at the source, water quality was satisfactory. Conversely, the water collected at the only drilling in Adjaïgbonou was already polluted at the source.
The results of the microbiological analyses are upheld by residents' anecdotal reports, e.g., the report that "when it rains, the water in the drilling is red and sometimes contains worms". The same report was obtained for other settlements in the Lalo commune, e.g., in the village of Goveta, in the Tohou district, this issue forces households to use cistern water (rainwater) as drinking water [9] . It is common in poor countries for the water supplied by water distribution systems to be of poor quality [10] . Thus, even though access to so-called "improved water" is good, the quality of this resource often constitutes a significant problem.
Water sources are not always close to households. People often have to travel a significant distance between a water source and their homes. This transportation process often introduces faecal contamination into drinking water due to the use of contaminated containers for water transportation. Indeed, the microbiological analyses revealed a significant increase in contamination levels during water transportation by residents in the study area. This contamination may be explained by several factors such as poor maintenance and sanitation of water transport containers, a failure to cover these containers during water portage (or the use of tree leaves for this purpose), and a lack of personal hygiene (especially hand hygiene) on the part of water collectors.
Along with water transportation, storage of drinking water by local residents also constitutes a significant source of faecal contamination. Water taken from artesian wells and boreholes, which was found to be free of faecal coliforms and E. coli, was later found to contain high levels of faecal pollution (once this water was being stored in homes). This contamination is probably due to several factors including the failure to cover water storage containers, poorly sanitized bailing cups, and risky behaviour such as not washing hands before contact with the water.
The results obtained during this study are similar to those obtained in other regions of Benin, e.g., the municipality of Sèmè-Kpodji, another semi-urban municipality, where the microbiological quality of water consumed at the household level is highly polluted, largely due to defective water transportation and storage [11] . Other studies have further confirmed that transportation and storage of water in rural contexts promote the process of microbial contamination (e.g. [12] - [15] ).
Like several other studies, this research has confirmed that interventions aimed simply at increasing accessibility to "improved water" are not sufficient to reduce the risks related to drinking water contamination. As asserted by Clasen et al., it is also vital to implement interventions at the household level. The latter form of intervention is estimated to be twice as effective in diarrhoea prevention as the former [4] . Qualitative anecdotal data suggest that local residents have the knowledge necessary to implement effective home water treatment strategies. However, a lack of systematic implementation of this knowledge is curbing the effectiveness of these methods at the household level. This study remains a rapid assessment of the knowledge of local residents in the area of household water treatment methods. It is therefore important to more study the knowledge but also the local practices on household water treatment methods to establish coherent home water treatment programmes, adapted to local conditions, to mitigate the effects of the microbiological contamination levels observed in this study.
Conclusion
Despite the relatively high availability of improved water sources in the study area, this study reveals that contamination often occurs when water is collected from source points, transported from these points to individual households, and stored in these households. To significantly reduce the risks associated within gestion of contaminated drinking water, it is essential that interventions be implemented in this community and others with respect to implementation of effective water treatment methods at the household level.
